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Shuenn-Jue L. Wu and Judd O. Nelson (1991) Action of neuroactive che- 
micals on sex pheromone-mediated behavior of the German cockroach, Blattella 
germanica (L.) (Orthoptera: Blattellidae). Bull. Inst. Zool. Academia Sinica 30(1): 
1-8. The effects of several neuropharmacological agents and insecticides on sex 
pheromone-mediated behavior of male German cockroaches, Blattella germanica (L.), 
were investigated. A screening assay was adapted from the bioassay method deve- 
loped for isolating and identifying the natural sex pheromone from female German 
cockroaches. Test conditions were optimized and standardized for the screening 
assay. Wing-raising behavior of male German cockroaches in response to pheromone 
stimulation was inhibited by pretreatment with either sublethal doses of insecticides 


or selected neuropharmacological agents. 


The insecticide chlordimeform inhibited 


the wing-raising behavior of males in a dose-dependent manner. 
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Active components of the female 
sex pheromone of the German cockroach, 
Blattella germanica (L.), were identified as 
3, 11-dimethyl-2-nonacosanone (compound 
A) and 29-hydroxy-3, 11-dimethyl-2-non- 
acosanone (compound B} (Nishida et al., 
1974, 1976; Jurenka et al., 1989). The court- 
ship behavior of males elicited by a sex 
pheromone-impregnated antenna consists 
of antennal fencing, 180° turning and 
wing-raising (Bell et al, 1978b). The 
wing-raising behavior of males was used 
as an indicator of synthetic female sex 
pheromone activity in bioassays (Nishida 
et al., 1974, 1976). 


Our research objective was to develop 
a screening procedure for neuropharma- 
cological agents and insecticides which 
might interfere with the sex pheromone- 
mediated behavior of the male German 
cockroach. Bell ef al. (1978a) described 
factors affecting the response of male 
German cockroaches to the synthetic sex 
pheromone which included isolation of 
males, photoperiod and sensory habitua- 
tion. Our initial effort was to optimize 
and standardize test conditions for the 
male response to the synthetic sex phero- 
mone. The activity of chemicals were 
then screened using these standardized 
and optimized conditions. 
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MATERIALS AND METHODS 


Cockroach Maintenance 


Cockroaches were maintained under a 
12hr light: 12hr dark photocycle at 27°C 
and 50% relative humidity with a con- 
stant supply of food (Purina Lab Chow 
Pellets) and water. Newly molted adult 
males were isolated from females in a 
separate incubator. Male cockroaches 
were tested in groups of 5 in 18.5x18.5 cm 
_plastic jars. The sides of the jars were 


coated with a 1:1 mixture of mineral oil . 


and petroleum jelly to prevent escape. All 
tests were performed in male cockroach- 
conditioned containers (i. e. fecal spots 
produced by males were present). Red 
light bulbs (25 watt, GE) were used to 
illuminate the observation incubator. 


Methods for Presentation of Stimuli by | 


Pheromones 


‘Compounds A and B of the Blattella 
germanica female sex pheromone were 


supplied by Prof. Albert W. Burgstahler, - 


Department of Chemistry, University of — 


- Kansas, U.S.A. Stock solutions of these 
two compounds were prepared in CCl, at 
10mg/ml and serial dilutions of 1:10, 1: 
100, 1:1000 were prepared and stored at 
4C. , 
Methods employed for bioassays were 
modified from Bell et al. (1978a, b). An- 
tennae used were ablated from either the 
adult male American cockroaches (Peri- 
planeta americana) or the Madeira cockro- 
aches (Leucophaea maderae). Freshly 
ablated antennae were attached to 20cm 
disposable pasteur pipettes with white 
glue. These antennae were dipped in 
pheromone solutions for 1-2sec and the 
solvent was then allowed to evaporate 
for 30sec before use. The treated anten- 
nae were used to touch antennae of the 
5 males in a test jar. Positive responses 
were recorded by the observation of 
Wing-raising in individuals within 5 min. 
A fresh antenna preparation was used 


anesthesia and sham treatments. 


for each separate 5min test period. 


Optimizing Bioassay Conditions 

Preliminary experiments were con- 
ducted to define factors such as the 
effects of male isolation, photoperiod, 
compound A versus B, pheromone con- 
centration, selection of antennae to pre- 
sent the pheromone, and the effect of 
CO, anesthesia on the male pheromone 
response. 

The effect of isolation on the 
response of males was determined using 
males which had been isolated from 
females for 2, 4, 6 to 20 days prior to the 
assay. l 

Bioassays were performed at hourly 
intervals after the onset of scotophase 
to determine the temporal variation in 
response of male cockroaches to syn- 
thetic sex pheromone during scotophase. 

The minimum pheromone concentra- 
tion necessary to elicit wing-raising be- 
havior in untreated adult males was. 
determined by varying the concentrations 
of the two synthetic pheromones pre- 
sented by the two different types of 
antennae (i. e., from American or Madeira 
cockroaches). 

The time required for recovery of 
response after CO, anesthesia following 
acetone treatment of the cockroach 
antennae was determined by testing the 
male response at different times after | 
These 
experiments were performed under the 
optimum bioassay conditions determined 
above. 


Preparation and Application of Chemicals 


A series of neuropharmacological 
agents including cholinergic, anticho- 
linergic, adrenergic, antiadrenergic, mis- 
cellaneous drugs and some insecticides 
were obtained from several chemical 
companies. These included representative 
drugs for each class. Serial dilutions of 
various drugs were prepared in either 
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distilled water or organic solvents de- 
pending on their solubilities. For screen- 
ing of water soluble drugs, cockroaches 
were injected between abdominal sternites 
with 1 wl of drug solution while the con- 
trols were injected with lvl of distilled 
water. Organo-soluble drugs were applied 
topically to the abdominal sternites in 
J zl volumes of drug solution, or with the 
solvent only for the controls. A cali- 
brated microapplicator (Instrumentation 
Specialities Company, Inc., Lincoln, NE) 
was used for all treatments. 


Bioassays of Chemical Induced Changes in 
Behavior 


Screening assays were performed 
24hrs after the drug treatment with CO, 
anesthesia. Three concentrations of each 
drug were tested and three groups con- 
sisting of 5. males each were replicated 
for each concentration under optimized 
conditions. The test conditions were as 
follows: (1). male cockroaches were 
isolated for 14 days; (2) tests were 


performed between 2 and 4hrs after the 
onset of scotophase; (3) compound B was 
applied to the ablated American cockroach 
antennae at a concentration of lyg/ml 
as presentation of stimuli. 

The EDs, of chlordimeform as an 
inhibitor of wing-raising behavior was 
determined using 5 groups of 5 males 
each for four chlodimeform concentra- 
tions under the optimized screening con- 
ditions. 


RESULTS 
Standardization of the Bioassay 


The percentage of males exhibiting 
wing-raising (% WR) increased as the 
number of days of male isolation increas- 
ed. The period of isolation needed to 
consistently evoke>90% WR was 14 days 
(data not shown). 


There were two peaks of male 
response to synthetic sex pheromone 
during scotophase of the photocycle 


(Fig. 1). The first peak of WR response 


Male Responsiveness 
During Scotophase 


100 


80 


60 


40 


20 


Percent Wing-raising 


| Ei 


qo g aA Sie T e G O 


Scotophase Time (hours) 


Fig. 1. 


Optimum responsiveness of male German cockroaches to synthetic sex pheromone during 


scotophase. Wing-raising is the behavioral response of males to female sex pheromone and 


is elicited by antennal “fencing” using pheromone-treated, isolated antennae. 


See text for 


assay conditions. The curve is a sixth order polynomial graph with a R value of 0.8921. 
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occurred between the second and third 
hours of scotophase. A second peak of 
WR response was observed 8 hours after 
the onset of scotophase. The first peak 
of male response was chosen as the 
optimum time to perform the screening 
assays. 

Male cockroaches responded in a 
dose-dependent manner to two synthetic 
pheromones presented by two types of 
antennae (Fig. 2). Compound B was 
significantly more active than compound 


A (by about a hundredfold). Also, the 
EDs. of .pheromones was significantly 
lower with the American cockroach 


antennae compared to the Madeira cock- 
roach antennae. 

The male wing-raising response at 
different times after solvent treatment 
with or without CO, anesthesia was in- 
vestigated to optimize test conditions. 
The CO, anesthesia was found to delay 
the response of males to synthetic sex 
pheromone (data not shown), however, 


they fully recovered within 18 hours post 
treatment. 


Effect of Chemicals on Wing-Raising Be- 
havior 


A rating system for the screening 
assay was based on both the drug dose 
and the behavioral response of male 
cockroaches as expressed in a percentage 
of males exhibiting wing-raising behavior 
in response to pheromone stimulation (see 
footnote in Table 1.). 

The results show that neuropharma- 
cological agents from several classes were 
active in interfering with sex pheromone- 
mediated behavior (Table 1). A rating 
of active classes of compounds that in- 
hibited the wing-raising behavior was 
as follows: aminergic>antiadrenergic> 
GABA drugs > cholinergic > agpemere ier 
anticholinergic drugs. 

The formamidine insecticide, chlordi- 
meform, was the most effective chemical 
tested. A dose-response relationship was 
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Fig. 2. Male wing-raising responses to two synthetic pheromones presented on two different types 


of isolated antennae. Compound A: 
hydroxy-3, 11-dimethyl-2-nonacosanone. 
each for each concentration. 


3, 11-dimethyl-2-nonacosanone. 

Assays were performed using 3 groups of 5 males 
Tests were conducted 2 to 4 hours into scotophase using 
males which had been isolated for 14 days. 


Compound B: 29- 
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Table 1 
Effects of different classes of neuroactive chemicals 
on sex pheromone-mediated behavior 
in male German cockroaches 


Chemical Rating | Chemical Rating 
Cholinergic | Antiadrenergic 
Acetylcholine chloride + | Phentolamine HCI H 
Carbachol chloride +H ! Guanethidine sulfate tr 
Chlorpyriphos + | Methyldopa + 
Anticholinergic | Aminergic 
Atropine + | Octopamine HCl + 
Scopolamine HBr + Chlordimeform HCl H 
Adrenergic 5-Hydroxytryptophan +. 
Isoproterenol HCl + GABAergic 
Tyramine + Gamma aminobutyric acid + 
Amphetamine sulfate + Muscimol ++ 
Ephedrine HC] + Bicuculine methiodide + 


Test conditions: Synthetic compound B solution (1 g/ml) was presented to male German cock- 
roaches on isolated American cockroach antennae at 2-4 hours into scotophase. Neuroactive chemicals 
were injected or applied topically as indicated at 24 hours before the behavioral assay. At least 2 
groups of 5 males each were tested at chemical concentrations of 10-*, 10-73 and 10-*M. The following 
criteria were used: (1) no effect (—): 10-*M gave >75% WR, 10-°3M gave >65% WR, or 10-?M 
gave >55% WR, (2) slight effect (+): 10-*M gave <75% WR, 10-°M gave <65% WR, 10-?M gave 
<55% WR, (3) moderate effect (++): 10-*M gave <60% WR, 10-3M gave <50% WR, 10-?>M gave 


<40% WR and (4) strong effect (HH): 10-*M gave <45% WR, 10-°M gave <30% WR, 10-2M gave 
<15% WR. 


Inhibition of Wing-raising 
by Chlordimeform 
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Fig. 3. The inhibition of male responsiveness to female sex pheromone by chlordimeform. Male 
cockroaches had been treated topically with chlordimeform 24 hours prior to the wing- 
raising behavioral assay. i 
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demonstrated and EDs) of chlordimeform 
was determined to be 8.0x10->M which 
corresponds to a dosage of 0.37 ug/g 
(Fig. 3). 


DISCUSSION 


The response of male German cockro- 
aches to synthetic sex pheromone is 
influenced by many physiological and 
environmental factors (Bell et al., 1978a). 
Therefore, screening conditions such as, 
duration of male isolation, periods be- 
tween treatment and testing, time of 
testing during the photocycle, components 
of pheromone, type of antennae used, and 
environmental conditions were stand- 
- ardized and optimized. 

' Containers having feces of male 
cockroaches modified the response of 
males to the sex pheromone. Bell et al. 
(1978a) also used feces-conditioned con- 
tainers for bioassays to avoid the German 
cockroaches’ indifference and restlessness 
previously observed by Takahashi and 
Kitamura (1972). It is likely that an 
aggregation pheromone plays a role in 
the response of males to the sex phero- 
mone. 

Bell et al. (1978a) reported that the 
response of males to the sex pheromone 
was significantly greater during scoto- 
phase than photophase. There is also a 
variation in responsiveness of males to 
the synthetic sex pheromone within scoto- 
phase (Fig. 1). Hawkins and Rust (1977) 
reported similar circadian variations in 
the activity of male American cockro- 
aches to female sex pheromone. 

The higher activity of compound B 
compared to compound A as shown in 
Figure 2 agrees with Nishida et al. (1976a, 
b) who found that compound B at a con- 
centration of 3 pg/ml was about ten times 
more active than compound A on males 
isolated for 1-2 weeks. On the other 
hand, Burgstahler et al. (1977) reported 
that in assays on males isolated for 2-4 


days, compound’ B at a concentration of 
250 wg/ml elicited about half the activity 
of compound A. This discrepancy in 
thresholds to compounds A and B may 
be due to using males with different iso- 
lation periods. 

Antennae of the American cockro- 

aches are generally much thinner and 
longer than those of the Madeira cockro- 
aches, and it was observed that the 
formers’ curl less after dipping in the 
pheromone/CCl, solution. This may 
account for the observation that the EDs, 
of pheromones was significantly higher 
when using the Madeira cockroach anten- 
nae rather than the American cockroach 
antennae (Fig. 2). Compound B at a 
threshold concentration of lyg/ml using 
the American cockroach antennae pro- 
vided optimal conditions for detecting 
active chemicals in the screening assays. 
Greater than 90% WR was consistently 
observed in control groups, while the in- 
hibitory effects of neuroactive agents 
were detectable at this threshold stimulus 
condition when compared with control 
groups. 
This initial effort to find prototypes 
or classes of compounds which were 
active in interfering with sex pheromone- 
mediated behavior of male German co- 
ckroaches was based upon the results of 
drugs on mammalian neurotransmitter 
systems (Goth, 1978). In insects, there is 
evidence that acetylcholine, dopamine, 
norepinephrine, serotonin, GABA, gluta- 
mate and octopamine are transmitter 
candidates (Pichon, 1974; Leake and 
Walker, 1980). 

Chlordimeform is an effective forma- 
midine insecticide and acaricide. It is not 
only toxic to insects and acarines but 
also induces abnormal behaviors at sub- 
lethal doses. These behavioral effects 
include antifeeding, colony dispersal, 
repellancy, hyperactivity, tick detachment 
and disruption of mating behavior (Bee- 
man and Matsumura, 1978). Several 
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studies have demonstrated that chlordi- 
meform interacts directly with octopa- 
minergic receptor sites (Evans and Gee, 
1980; Hollingworth and Murdock, 1980; 
Orchard et al., 1982; Gole et al., 1983). In 
our results, chlordimeform had a much 
greater inhibitory effect than that of 
octopamine. This was possibly due to 
greater tissue solubility (Table 1). There 
was a dose-response relationship for the 
blockade of male wing-raising activity by 
chlordimeform (Fig. 3). The ED,,. deter- 
mined (0.37 pg/g) was much smaller than 
the LD;ọ determined by Beeman and 
Matsumura (1974) (30 wg/roach=560 ug/g) 
for the German cockroach. 

Linn and Roelofs (1984) reported that 
the precopulatory sequence of behaviors 
exhibited by male oriental fruit moths is 
very sensitive to sublethal concentrations 
of a range of neuroactive compounds. 
They found that the male response after 
treatment with  chlordimeform was 
affected at all phases of the behavioral 
response. Linn and Roelofs (1986) studied 
the modulatory effects of octopamine and 
serotonin on male sensitivity and perio- 
dicity of response to sex pheromone in 
_the cabbage looper moth. They also had 
a similar long term goal which is to 
define a neuroactive compound that can 
be used as a behaviorally active insect 
control agent. 

In summary, several classes of neuro- 
pharmacological agents and insecticides 
were active in interfering with sex 
pheromone-mediated behavior in the 
German cockroach. It is therefore sug- 
gested that the expression of sexual be- 
havior of the male German cockroach is 
under control of, or modified by, several 
neurotransmitter systems—some being 
excitatory and some being. inhibitory. 
Perhaps new modes of action for chemi- 
cals which interfere with the normal 
male cockroach courtship behavior can 
be used to offset or forestall the con- 


tinuing problem of insecticide resistance. 
Resistance has been a particular problem 
in the case of the German cockroach 
(Nelson and Wood, 1982). 
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